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Abstract: The photocatalytic degradation of norfloxacin by bismuth tungstate (Bi,WOg) with different hierarchical architectures was
investigated under visible light irradiation. Bi,WO4 was prepared by hydrothermal method with the reaction solution pH ranging
from 4 toll. The relatively ultrathin Bi;WO¢ nanoflakes prepared at pH 4 showed excellent adsorption and photodegradation
efficiency towards norfloxacin. The characterization results showed that Bi,WOg prepared at pH 4 had a larger specific area and
faster photo-generated carrier separation rate. The decay rate reached the maximum in weak alkaline reaction solution, which could
be attributed to the presence of moderate OH anions. The present study demonstrated that the smaller size of Bi;,WOg could be an
efficient photocatalyst on the degradation of norfloxacin in the aquatic environment.
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1 Introduction

The frequent occurrence of pharmaceuticals in the
aquatic environment has become an important issue in
past decades [1—3]. Particularly after HIRSCH et al [2]
separated antibiotic resistant bacteria from sewage
sludge, and NEU [4] reported the crisis in antibiotic
resistance of microorganisms, the focus turned to the
occurrence of antibiotic drugs in aquatic environment.
Most of the antibiotic drugs are not well adsorbed in the
subsoil because of their polar structure, and may seep
into groundwater aquifers from polluted surface
water [5]. Among the antibiotic drugs, fluoroquinolone is
synthetic and widely used in human and veterinary
medicine. Recently, fluoroquinolone reserved in sewage
water, surface water and ground water has been reported
to lead to an obviously adverse effect on the aquatic
ecosystems [6—11]. Norfloxacin is one of the main
fluoroquinolone antibiotics, and 75% of it is excreted

from the human body and remain unchanged [12].

In the past decade, researchers have explored the
removal of pharmaceutical compounds in aqueous
systems by different methods, including adsorption [13],
biodegradation [14], ultrasonic [15] and chemical
techniques [16]. Carbonaceous absorbents can quickly
adsorb antibiotics and heavy metals from water due to
their high pore volume and specific surface area [17-20],
but there is a potential risk of the “removed” antibiotics
and heavy metals being released into aquatic
environment if the used sorbent is improperly disposed.
Biodegradation method usually takes a long time and
depends on many environmental factors such as bacterial
counts, salinity, and temperature [21,22]. Among these
methods, photocatalysis technique was found to be an
effective  method with high degradation and
mineralization efficiency [23—25]. Since the discovery
of the photocatalytic splitting of H,O on the TiO,
electrodes by FUJISHIMA et al [26], TiO, has been
widely used in sterilization, sanitation, and remediation
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applications [27-29], providing a promising method for
water treatment. However, the widely used photocatalyst,
namely TiO,, can only be excited by UV light with an
irradiation wavelength less than 380 nm, which
significantly limits its application. Therefore, it is urgent
to develop highly efficient visible-light induced
photocatalysts to meet the high requirements in
dealing with environmental antibiotic pollution in the
future.

Bismuth tungstate is a new kind of photocatalyst,
and has been proved to have efficient performance in the
solar-light-mediated systems [30]. Our previous work
demonstrated that Bi,WO¢  could efficiently
photodegrade norfloxacin under the assistance of
surfactant [31]. Bi,WOg can absorb visible light in wider
area (A/=400—800 nm) and has a photonic band gap
(Eg=2.72 V) narrower than that of TiO,. The photo-
catalytic capability of Bi,WOg is attributed to the band
transition from the hybrid orbitals of Bi 6s and O 2p to
the W 5d orbitals. Although the potential advantages of
Bi;,WOg4 on photocatalysis have been discovered, the
study on photocatalytic degradation of antibiotic
norfloxacin using the Bi,WO¢ with different
morphologies and hierarchical architectures was rarely
reported. The decomposition of organic contaminants in
wastewater using the irradiated photocatalyst was
explored [32], and the schemes are given as follows:

Bi2W06+hv—>Bi2WO6+h++e ( 1 )
Oyte—0y (2)
H,0+h"—>+OH+H" 3)

Bi, WO has different morphologies and hierarchical
architectures made up of different sizes of nano-crystals.
With the change of crystal size, quantum size effect and
good physicochemical property such as high specific
area may occur on photocatalyst. They are beneficial to
improving the photodegradation of contaminants in the
aquatic environment. It is necessary to specifically
investigate the effect of different hierarchical
architectures of Bi;WOg on photocatalysis of antibiotics,
which was seldom studied in the literature. We chose
norfloxacin as the target pollutant (shown in Fig. 1).

This work aimed to study the photocatalytic
degradation effect of norfloxacin by Bi,WO4 with
different hierarchical architectures under visible light.
Bi,WOq catalysts were synthesized using hydrothermal
method with different morphologies by varying the pH
values of the reaction solutions. The physicochemical
properties of the prepared catalysts were characterized,
and their degradation capacities of norfloxacin were
investigated. The impacts of different reaction factors on
the degradation efficiency of the prepared catalyst were
also discussed.

Fig. 1 Molecule structure of norfloxacin
2 Experimental

2.1 Materials

Norfloxacin (purity 99.8%) was purchased from
Aladdin Reagent Company, Shanghai, China. All
reagents used in the experiment were of analytical
reagent grade. Solutions were prepared with high-purity
water (18.25 MQ/cm) from a Milli-Q water purification
system.

2.2 Preparation and characterization of photocatalyst
Bi,WOq
2.2.1 Preparation of photocatalyst Bi, WOg
Bi,WOg synthesized
hydrothermal method according to Ref. [33]. In general,
0.97 g of Bi(NO;);-5H,0 was dissolved into 20 mL of
1.0 mol/L HNO;. 0.33 g of Na,WO,-2H,0 was dissolved
into the same volume of 1.0 mol/L NaOH. Then, the
mixed solution was mixed ultrasonically at room
temperature for 30 min. The pH value of reaction
solution was adjusted to 4, 7, 9, and 11, respectively.
Then, the suspension was transferred into a 100 mL
Teflon-lined autoclave, and heated at 140 °C for 20 h.
The obtained precipitates were washed with water and
ethanol several times, and finally dried at 120 °C for 4 h.
The obtained samples were denoted as Bi,WO¢-pH4,

samples  were using

Bi,WOs-pH7, Bi,WO¢pH9 and  Bi,WOg-pHI11,
respectively.
2.2.2 Characterization

Crystallographic information of Bi;WOs was

obtained by X-ray diffraction (XRD, 43 Rigaku
D/MAX-RB, Cu K, radiation, Japan). The morphology
of the prepared samples was observed by a 1530VP
scanning electron microscope (SEM, Quanta 200 FEG,
FEI Company, America). The specific surface area was
measured by a Quantachrome NOVA 2000e sorption
analyzer (Quantachrome, America). UV—Vis diffused
reflectance spectra (DRS, Shimadzu, UV—3150, Japan)
of Bi,WO¢ were obtained on a Hitachi U-3010
spectrometer, using BaSO, as the reference.

2.3 Norfloxacin degradation procedures
The degradation experiment was carried out under
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visible light of a 300 W Xe lamp (CEL-HXF300
Zhongjiaojinyuan, Beijing, China) with a 400 nm cut off
filter. Solutions with certain concentrations of
norfloxacin were prepared in high-purity water. Aqueous
solution of norfloxacin was dissolved in 1 L of high
purity water by adding 0.5 mL of 1 mol/L NaOH solution
to increase its solubility. In each experiment, the
prepared Bi,WO4 was added into 100 mL of 20 mg/L
norfloxacin solution. Prior to irradiation, reaction
solution was magnetically stirred in the dark for 20 min.
1 mL of reaction solution was withdrawn at preset
intervals and filtered through 13 mm x 045 um

membrane for norfloxacin analysis.

2.4 Analysis

The norfloxation concentrations were quantitatively
determined by a UV—Vis spectrophotometer (Shimazdu,
UV 2100) at 280 nm, the wavelength for the maximum
absorption peak of norfloxacin.

3 Results and discussion

3.1 Characterization of Bi,WOy prepared at different
hydrothermal pH values

XRD patterns of Bi,WOg prepared at different
hydrothermal pH values are shown in Fig. 2, indicating
that the crystal structure is Bi;WOg crystal phase with
orthorhombic symmetry. It features a higher peak
centered at 20 of about 28° and a lower peak at 26
around 33°. The diffraction peaks of the product are in
accordance with those of russellite Bi,WO¢ (JCPDS No.
39-0256). However, new crystal phases emerge when
hydrothermal pH increases to 11. The intensity of the
highest peak (131) increases as pH varied from 4 to 9,
indicating an enhancement in crystallinity perfection and
formation of larger Bi,WOg crystallites. The crystallite
size was calculated by the Debye—Scherrer equation as
follows, with the results shown in Table 1.

d=0.89)/(Bcos ) 4)
where 4 is the X-ray wavelength, 0 is the angle of Bragg
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Fig. 2 XRD patterns of catalysts prepared at different pH
values

Table 1 Characteristics of Bi,WOg prepared at different
hydrothermal pH values

pH  Crystallite size/nm SBET/(m2~ g_l) Pore size/nm

4 12.5-14.4 20.6 37.0
7 15.8-19.2 11.4 324
9 26.5-31.7 7.1 37.2
11 29.9-40.1 5.6 46.9

diffraction, and B is the difference between the full width
at half maximum and the instrumental broadening.

The morphologies of the catalysts were further
characterized by SEM (Fig. 3). The hydrothermal pH had
a strong effect on the morphologies of the catalysts. As
shown in Fig. 3, Bi;WO¢-pH4 has a persimmon cake-like
hierarchical architecture with regular size assembled by
ultrathin nanoflakes. At pH 7, nanoflakes in larger
aggregates (about 2 um in size) with irregular shape and
uneven size are visible. At pH 9, rectangular sheets with
some aggregated fragments or particles appear. And at
pH 11, its morphology is mainly composed of a mixture
of small spherical particles and large sheets (about 3 pm
in size), which implies that the Bi,WO¢-pHI11 has
different compositions. These results agreed well with
the increase of crystallite size in XRD study. The specific
surface area of the small spherical particles emerged at
higher preparation pH is relatively small [34]. As a result,
the specific surface area decreased with the increase of
the pH value.

Bi;WOg-pH4 has the largest specific surface area,
which is attributed to the thinner and smaller platelets.
As shown in Table 1, the Sggr decreased gradually from
20.6to 11.4, 7.1 and 5.6 mz/g at pH values of 4, 7, 9 and
11, respectively.

Bismuth tungsten oxide was proposed to grow in
supersaturated Na,WO, and Bi(NO;); solution, and
amorphous fine particles acted as the precursor for the
synthesis of crystal Bi;WOg [35]. The relevant chemical
reactions can be formulated [36]. When the pH value of
the precursor solution is low (<7), the reactions are
illustrated as follows:

N3.2WO4 . 2H20+2HNO3 —>2H2W04l+2NaNO3+2H20

5
Bi(NO;);+H,0==BiONO;+2HNO; §6§
2Bi(NO;)3+3H,0=—=Bi,0,(OH)NO;+5HNO; (7)
Bi,0,(OH)NOs+H,WO,—>Bi, WO, +HNO;+H,0  (8)
2BiONO;+H,WO,—>Bi,WO4+2HNO; 9)

Under the alkaline condition (pH>7), the reaction is
illustrated as follows:
7Bi,0,(OH)NO;+2WO;” +30H —

Bi;4W;,0,7+ 7NO5 +5H,0 (10)

The formation of Bi,WOg4 samples with different
hierarchical architectures could be described in Fig. 4. It
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Fig. 3 SEM images of Bi;WO4-pH4 (a, b), Bi,WO4-pH7 (c, d), Bi,WOg-pH9 (e, f), and Bi,WO4-pH11 (g, h)
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Fig. 4 Schematic diagram of crystal growth mechanism for Bi;WOg

involves  nucleation, oriented attachment, and
self-assembly process [35]. The formation of different
hierarchical architectures of bismuth tungstate in each
intermediate process was demonstrated by ZHANG
et al [37] by SEM. As depicted above, the pH value of
precursor solution has a strong influence on the
formation of slightly soluble H,WO,, which further
determines the rates of nucleation and the assembly
manners of Bi,WOg platelets [38]. In the acidic
conditions (pH<7), the richly formed H,WO, precipitate
would react with rapidly hydrolyzing Bi(NOj3);, which
substantially promoted the nucleation of Bi,WQOg. The
large number of nucleation centers of Bi,WO4 benefited
the formation of the persimmon cake-like Bi,WOg
hierarchical nano/microstructures. In alkaline conditions
(pH>7), the yield of H,WO, precipitate decreased, which
benefited the preferential growth of large rectangular
platelets of Bi,WO¢. However, as the pH value increased
to 11, the Bi;4W,0,; phase began to dominate.

As is known, optical absorption by photocatalyst
materials and migration of the light-induced electrons (e)
and holes (h") are determined by their electronic
structure features which play an important role in
affecting their photocatalytic activity. In the UV-Vis
diffuse reflectance spectrum (DRS) analysis (Fig. 5), it
was found that all the Bi;WO4 samples had a strong
broad background light absorption in the range from
UV-light to visible light around 450 nm and showed an
absorption edge around 450 nm, suggesting their
potential photocatalytic activity under visible light. The
steep shape of the spectra was observed, indicating that
the visible-light absorption was not due to the transition
from the impurity level, but due to the band gap
transition [39]. The band gap energies of semiconductors
can be estimated by Kubelka—Munk transformation,
ahv=A(hv— g)"/z, where a represents the absorption
coefficient; v is the light frequency; E, is the band gap
energy; A is a constant, and n depends on the
characteristics of the transition in a semiconductor.

Jia-jia WANG, et al/Trans. Nonferrous Met. Soc. China 27(2017) 1794-1803

Bi,WO, s

According to Kubelka—Munk transformation, £, values
of Bi,WOg samples prepared at pH 4, 7, 9 and 11 were
calculated to be 2.69, 2.73, 2.73 and 2.76 eV,
respectively (inset of Fig. 5).
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Fig. 5 UV—Vis diffuse reflectance and band gap of prepared
catalysts

3.2 Degradation efficiency of catalysts with different

hierarchical architectures

To investigate the influence of degradation
efficiency of Bi,WO4 with different hierarchical
architectures, we put the hydrothermally synthesized
catalysts at pH 4, 7, 9 and 11 into 100 mL of 20 mg/L
norfloxacin solution, respectively. The concentration of
catalyst in the solution was set at 1.0 g/L. Before
irradiation, each adsorption experiment was firstly
conducted in the dark for 60 min, shown in Fig. 6(a). The
adsorption quickly reached equilibrium within 20 min.
The adsorption capacity of Bi,WOq prepared in specific
hydrothermal conditions decreased as the pH of
hydrothermal solution increased. About 50% norfloxacin
could be adsorbed by Bi,WO¢-pH4, while only about
10% was adsorbed by Bi,WOg-pH11. The results were
mainly attributed to their different surface areas (shown
in Table 1). Bi;WO¢-pH4 had the largest surface area
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among those catalysts, providing more adsorption sites
for norfloxacin.

(a)
Y
S .
O
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Fig. 6 Adsorption of norfloxacin on Bi,WOg4 prepared at
different hydrothermal pH values (a) and degradation of
norfloxacin by Bi;,WOg prepared at different hydrothermal pH
values (b)

As shown in Fig. 6(b), it was interestingly found
that the persimmon cake-like hierarchical architecture of
Bi,WO4-pH4 also displayed the highest degradation
efficiency to norfloxacin, and the photodegradation
efficiency decreased when the hydrothermal pH
increased from 4 to 11. The photocatalytic degradation
almost reached equilibrium within 60 min. Almost 90%
of norfloxacin was decomposed by Bi,WO4-pH4, while
only 20% norfloxacin was degraded by Bi,WO¢-pHI1,
indicating that the newly emerged crystal phases at
higher hydrothermal pH had less photocatalytic activity
in degradation of norfloxacin. Furthermore, the kinetic
curves of norfloxacin photodegradation can be
approximated as a pseudo-first-order process [40]:

C
It = Kt (11)
0

where K, represents the apparent degradation rate
constant. The K., of norfloxacin photodegration by

Bi,WOs-pH4 is 0.0133 min', which is 2.77, 3.91
and 9.50 times as much as those of Bi,WO4pH7
(0.0048 min"), Bi,WO4-pH9 (0.0034 min"), and
Bi,WO,-pH11 (0.0014 min™"), respectively.

The difference in degradation rate constant could be
ascribed to the different hierarchical architectures of
Bi,WOyg. Previous researchers found that surface area
and crystallinity are the most important factors to
influence the photocatalytic activity [41]. In our study,
the hierarchical architecture of Bi,WOg synthesized at
lower pH exhibited large specific surface area with
relatively inferior crystallite (see Fig. 2). It has been
reported that electron—hole recombination on the particle
surface would be reduced by an increase in surface
defects [42]. According to the XRD (Fig. 2) and SEM
(Fig. 3), the smaller and the thinner the platelets are, the
larger the surface area the nanoflakes have, and they can
provide more active sites which enhance photocatalytic
activity. So, the persimmon cake-like hierarchical
architecture of Bi,WOs exhibited the highest
photocatalytic activity. The Sggr value of Bi,WO4-pH4 is
also far more than those of the other samples. The
degradation efficiency of contaminant decreased with a
downtrend of the Sggr of the catalyst as the hydrothermal
pH increased from 4 to 11. Herein, we selected
Bi,WOg-pH4 for further study and discussed in detail in
the following sections.

3.3 Effect of catalyst dosage

The influence of the photocatalyst dosage on
norfloxacin degradation was studied in 20 mg/L
norfloxacin solution at pH 9 as shown in Fig. 7. The
photocatalytic degradation efficiency of norfloxacin
increased drastically with the increase of photocatalyst
dosage from lower amount to 1.0 g/L, but then decreased
slightly with photocatalyst dosage increasing from 1.0 to
2.0 g/L. It is possibly due to the penetration of
photoactivating light into the suspension that was
reduced at excessive catalyst dosage. The availability of
active sites increased with the increasing catalyst dosage
in the suspension, while the light penetration and the
photoactivated volume of the suspension decreased.
Furthermore, agglomeration and sedimentation of the
Bi,WOg particles in suspension may also affect the
reaction between photocatalyst and contaminant [43].
Under this circumstance, part of the catalyst surface
becomes unavailable for photon absorption and
contaminant adsorption, thus hindering the catalytic
reaction. The dosing amount of Bi,WO4 should be
optimized in order to ensure adequate absorption of light
photons for efficient photodegradation. As shown in
Fig. 7, 1.0 g/L Bi,WOg can provide sufficient catalyst
activity without hindering light penetration.
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3.4 Effects of initial pH

The initial pH of the norfloxacin solution could
have a significant effect on the degradation. The
concentration of hydrogen ions (H") or hydroxide ions
(OH") in aqueous solution might affect the active sites on
the surface of most photocatalysts. Hydroxide ions could
react with hole (h") to generate reactive species *OH
radicals, hence enhancing the photocatalytic activity.
Mechanically, *OH is believed to be a strong oxidant for
organic contaminants in the photocatalytic process [44].
The number of e/h" on the photocatalyst surface plays an
important role in determining the photocatalytic reaction
rate. The generation of *OH depends on the solution pH
value. In an alkaline solution, the generation of the
radical *OH is much easier than that in neutral and acidic
solutions due to much more OH ions in aqueous
solution. Therefore, the influence of pH in the range
from 3 to 11 in aqueous suspensions of Bi,WOg on the
degradation of norfloxacin was studied. Figure 8 shows
the degradation rate of norfloxacin by employing
Bi;WOg. The maximum degradation rate of norfloxacin
occurred at alkaline pH (pH 9), and both the lower and
higher pH values resulted in decreasing degradation rate.

Adsorption

[rradiation

——(0g/L
——0.5¢g/L
—— 1.0 g/L
=15 gl
—4—2.0g/L

:

20 0 20 40 60 80
Reaction time/min
Fig. 7 Degradation of norfloxacin with different dosages of

Bi,WOg at initial pH of 9

=]

100 120

Adsorption

1.0 Irradiation —a—pH3

C/C

=20 0 20 40 60 80 100 120
Reaction time/min

Fig. 8 Degradation of norfloxacin at different initial pH values
of solution and Bi;WOg dosage of 1 g/L

The observed results were also closely related to the
electrostatic interactions between the substrate and the
photocatalyst surface which depended on the pH of the
suspension [45]. Norfloxacin has two relevant ionizable
functional groups: the 3-carboxyl group and N4 of the
piperazine substituent. The two ionizable groups lead to
two ionization constants: pK,; (pH 6.34) and pK,, (pH
8.75). The isoelectric point of the employed Bi, WO¢ was
measured to be pH 4.56. Under acidic conditions,
norfloxacin and Bi,WO4 were both dominated by
positive charge.
between them hinders the approach of norfloxacin to the
Bi,WOs surface, retarding the degradation of norfloxacin.
At a pH level between pK,; and pK,,, the main species of
norfloxacin possess both negatively and positively
charged sites that are accessible to negative charged
Bi,WOyg. Besides, Bi,WOq transformed to H,WO, and
Bi,0; in acidic solution, leading to lower photocatalytic
activity of Bi;,WOg [46]. Optimal norfloxacin decay rate
was observed at pH 9, which was slightly beyond the
pK., probably due to the existence of more hydroxyl
anions, resulting in the generation of more hydroxyl
radicals and faster photocatalytic reaction. At pH 11, the
decay rate decreased probably because of the repellent
force between negatively charged norfloxacin and
Bi,WOg.

Therefore, the degradation efficiency of norfloxacin
in this study was significantly influenced by the pH value
of solution. The high degradation efficiency of
norfloxacin in alkaline pH depends on the generation of
more radical *OH, the efficient adsorption of norfloxacin
on catalyst surface as well as the stable crystal structure
of Bi;WOg.

The electrostatic repulsive effect

3.5 Effect of initial norfloxacin concentration

From the perspective of application, it is important
to study the dependence of photocatalytic reaction on the
substrate Hence, the influence of
norfloxacin concentration on the degradation rate was
studied in a solution at initial pH value of 9 and catalyst
dosage of 1 g/L. The degradation rates for norfloxacin at
different concentrations are shown in Fig. 9. It was
found that lower initial concentration led to higher
removal efficiency of norfloxacin, i.c., when the
norfloxacin increased from 10 to 50 mg/L, the adsorption
percentage on the catalyst decreased from about 55% to
2%, and the final photocatalytic degradation rate
decreased from 95% to 10%. This suggested that the
high adsorption rate of norfloxacin at lower
concentration could contribute to the degradation rate of
the contaminant. What’s more, the continuous increase of
the contaminant amount may cause the increase of light
scattering and decrease of light penetration, resulting in
low photocatalytic efficiency.

concentration.
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Fig. 9 Degradation of norfloxacin with various initial

concentrations at Bi,WOg dosage of 1 g/L and initial pH of 9

3.6 Effect of electron acceptor

In the photocatalytic reaction, the undesired
electron—hole recombination is one of the troublesome
problems. A good solution to avert electron—hole pair
recombination is to introduce other (irreversible) electron
acceptor in the reaction. A proper electron acceptor or
donor would offset the major energy wasting step and
further limit the achievable quantum yield. H,O, was
found to be a Dbetter electron acceptor than
oxygen [47,48], and could reduce the chances of
electron-hole recombination on the Bi,WQg surface.
Therefore, more hydroxyl radicals could take part in the
oxidation of norfloxacin, as shown in Eq. (10). We
investigated the degradation rates of norfloxacin in
photocatalytic reaction with or without additional
oxidant agent, H,O,. For comparison, the experiments
were conducted in the same condition of solution. The
results are shown in Fig. 10. It was interesting to
note that the degradation rate in the presence of both

0.05

0.041

0.03

k/min™!

0.02r

0.01F

Vis/H,0, Vis/Bi,WO; Vis/Bi,WO,/H,0,
Electron acceptor

Fig. 10 Comparison of degradation rates of norfloxacin in
photocatalytic reaction with or without 10 mmol/L H,O, at
Bi;WOg dosage of 1 g/L, initial pH value of 9 and irradiation

time of 60 min

Bi;WO¢ and H,0, (10 mmol/L) was 1.95 times of the
reaction rate by Bi,WOg4 without using H,0,. However,
H,0, had no effect on the photocatalytic reaction without
Bi, WOq.

H202+ecb—>°OH+OH7 (12)

Therefore, the application of H,O, could markedly
enhance the decomposition and mineralization of
norfloxacin.

3.7 Photoluminescence

Figure 11 shows the room-temperature PL spectra
of Bi,WOg samples prepared at pH 4, 7, 9 and 11. All the
prepared samples exhibit a broad emission peak at
around 450 nm, which agrees with UV-Vis DRS
analysis. Generally, a lower PL intensity is indicative of
a higher separation rate of photogenerated carriers.
Bi,WO4-pH4 shows relatively diminished PL intensity
compared with Bi,WO4 samples prepared at pH 7, 9 and
11, indicating that the lower pH led to a greater increase
in the inhibition of electron—hole recombination. This
result might be derived from the fact that Bi,WOq
samples prepared at pH 4 had smaller nanoflakes, which
was beneficial for promoting the carrier separation and
therefore hindering the charge recombination.

Bi,WO,-pH 11

Bi,WO,-pH 9

Bi,WO,-pH 7
Bi,WO,-pH 4

500 550 600

Wavelength/nm

400 450

Fig. 11 Photoluminescence spectra of Bi,WOg prepared at
different pH values

4 Conclusions

The hydrothermally synthesized Bi,WOg prepared
at different pH exhibited different hierarchical
architectures. The relationship between specific surface
area and electron mobility had a great influence on
photocatalytic activity of the photocatalyst. A low
density of recombination centers and a large specific
surface area were imperative factors for Bi,WOg to gain
a higher level of photocatalytic activity. Bi,WO4-pH4
was highly active for photocatalytic degradation of
norfloxacin. The influences of dosage, initial
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concentration and pH
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levels on the degradation

performance were investigated. Slightly alkaline solution
would improve the photocatalytic efficiency. As the
norfloxacin concentration increased, the decrease of
adsorption percentage and light penetration lowered the
photocatalytic efficiency. The degradation rate of the
pollutant could be enhanced by the addition of H,0O, as
an electron acceptor. The results of these investigations
clearly demonstrate the importance of different “size
effect” of photocatalyst on degradation of norfloxacin.
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